Introduction
The CDF and DØ experiments have successfully collected data since start of the Run II at the Tevatron Collider in 2001. The large B-meson production cross-section and the possibility to produce all kind of B hadron states, opened to the two collaborations the possibility to study with high precision the tiny effects of CP-violation in the Heavy B hadrons system, and to search for new physics effects in rare decays, in a way unavailable to the previous generation experiments. A new and largely unknown sector of the Heavy Flavor physics, complementary to the one already tested with precision at the B-factories, as recently pointed out by I. Bigi [1] , has begun to be explored in search of possible signs of new physics. In this short note a selection of the most recent results on heavy B hadrons (mostly B s mesons) from the Fermilab Tevatron, and from the Belle experiment running at the Υ(5S) are reviewed.
CP Violation in B s mesons at Tevatron
In the neutral B s system, the CP asymmetry in B CDF and DØ experiments have been able, for the first time, to perform a search for CP violation in the neutral B s meson system, by measuring the time-dependent CP asymmetry in the B 0 s → J/ψφ decay mode. The vector-vector final state J/ψφ contains mixtures of polarization amplitudes: the CP-odd A ⊥ , and the CP-even A 0 and A || amplitudes. These terms need to be disentangled, using the angular distributions, in order to extract β s , and their interference provides additional sensitivity [2] . Very recently the CDF collaboration presented a new updated flavor-tagged, timedependent, analysis, based on 2.8 fb −1 of integrated luminosity [3] , that supersedes results from the previous 1.7 f b −1 untagged analysis [4] , and 1.35 fb −1 flavor-tagged, time-dependent analysis [5] . The DØ collaboration result is also based on a 2.8 f b sample of flavor-tagged data, and is published in [6] . The B In the CDF analysis two different fits have been performed, one without using flavor tagging and assuming the Standard Model, which fixes β s = 0, and a second one with flavor-tagging and letting β s to be free. Assuming no CP violation (β s = 0) the fit allows to simultaneously measure the decay width difference ∆Γ s and the average lifetime of the B s meson. The results are reported in Table 1 . 
It is worth noticing here that the average B s lifetime measurement is consistent with the HQET expectation of equal lifetimes for the B s and B d mesons. Table 1 reports also the measured polarization amplitudes for the B 0 s → J/ψφ decay, that are consistent with those measured in the similar B d decay B 0 → J/ψK * 0 [7] . For the CP fit, CDF does not report point estimates for any of the physics parameters, providing instead the confidence region in the (β s , ∆Γ s ) plane shown in Fig. 2 (left) , computed from Monte Carlo using Feldman-Cousins method for confidence intervals. Also shown in the same figure, is the theoretical expectation from the Standard Model (black point), and in presence of new physics (green band). The Standard Model pvalue calculated using the likelihood ratio is of 7%, corresponding to 1. To remove the two-fold ambiguity in the likelihood of the time-dependent, flavor tagged analysis, DØ constrained the strong phases of the helicity amplitudes in the B 0 s → J/ψφ decay to the world average values for the B 0 → J/ψK * 0 decay, measured at the B-factories [8] . Some justification of the constraint used has been recently showed in [9] .
Results of the constrained fits are shown Table 2 . In this case three types of fit have been performed: a Standard Model fit which fixes β s to its expected value, a CP fit with β s floating, and in addition, a CP fit with the further constraint that ∆Γ s = 2|Γ Experimental sensitivity to new physics effects on the B s mixing phase can also be obtained from charge asymmetry measurements in semi-leptonic B s decays. The semi-leptonic asymmetry is in fact related to the mixing phase by the relation:
where f corresponds to direct B s decays B s → f (e.g. D − s l + ν l ). The Standard Model prediction for the semileptonic asymmetry in B s decays is very small, at the level of few units in 10 −5 [10] . At the Tevatron the semileptonic asymmetry has been measured both in inclusive di-muon samples, where
, or by using the sequential decays sample B 0 s → µνD s . The first method has very high statistical accuracy, but requires knowledge of asymmetries of other contributing processes in addition to the detector charge asymmetries. The second method has less statistical power but ensures that the major contribution to the asymmetry comes from the B s decays. Combining the two measurements DØ obtains: A s SL = 0.0001 ± 0.0090 [11] , while the CDF result based on 1.6 fb −1 di-muon pairs, is: A s SL = 0.020 ± 0.028 [12] . At the current level of precision A s SL is not able to provide powerful constraints on new physics contributions on the mixing phase.
Both the CDF and DØ analyses of the CP violation in B [14] , well below the current experimental sensitivity of the Tevatron experiments. The B 0 → µ + µ − decay is further suppressed by |V td /V ts | 2 , with a predicted branching ratio of (1.00 ± 0.14) × 10 −10 . Significant enhancements are instead predicted by several new physics models. For example in the minimal super-symmetric standard model (MSSM) the B 0 s branching ratio is proportional to tan 6 β where tan β is the ratio between the vacuum expectation values of the two neutral Higgs fields. In R-parity violating super-symmetric (SUSY) models an enhancement is possible even at low values of tan β.
Both Tevatron experiments have dedicated triggers to collect B → µ + µ − events, and optimized selections for the B 0 s → µ + µ − candidates based on sophisticated multivariate analysis techniques. DØ combines the discriminant variables in a likelihood ratio, while CDF uses a neural network (NN) discriminant. Both experiments estimate the dominant combinatorial background by a fit to the mass sidebands, while contribution from decays of B mesons to two light hadrons, which could peak in the signal mass region, is estimated to be an order of magnitude lower than the combinatorial background. Both experiments do not report any significant excess of signal candidates over the expected background, and set 90% C.L. limits calculated with a Bayesian method for a data sample of 2 fb −1 per experiment: [16] . Because of the superior mass resolution of the tracking system CDF is able to separate B In particular the latter decay modes are strongly suppressed within the Standard Model, in which leptons do not change flavor. These decays are allowed, however, in many models of new physics, such as Pati-Salam leptoquarks model, or in SUSY and Extra Dimension models, where the assumption of a local gauge symmetry between quarks and leptons at the lepton-flavor violation tree-level couplings leads to the prediction of a new force of Nature which mediates transitions between quarks and leptons [17] .
Using a 2 fb −1 data sample, CDF find one event in the search window for the B 
Charmless Two-body Decays at Tevatron
Non-leptonic decays of b hadrons into pairs of charmless charged hadrons are effective probes of the CKM matrix, and sensitive to potential new physics effects. The large production cross section of b hadrons at Tevatron, and the ability of CDF to trigger on fully hadronic decays, allows extending such measurements to B The fit combines kinematic and particle identification information, to statistically determine both the contribution of each mode, and the relative contributions to the CP asymmetries.
Significant signals are seen for [19] . In addition to that, three new rare decay modes have been observed for the first time B Mode BR(10
The absolute branching fractions obtained by CDF normalizing the measurements to the the world average value B(B 0 → K + π − ) = (19.4 ± 0.6) × 10 −6 , are listed in Table 3 , while the CP-related measurements are listed in Table 4 
The decays Λ 
Radiative B s penguins at Belle
During the last several years the possibility of performing B 0 s meson studies at the e + e − colliders running at the Υ(5S) resonance has been extensively explored. The first evidence for B 0 s production at the Υ(5S) was found by the CLEO collaboration [26, 27] , that can be however enhanced by about an order of magnitude in various new physics models [32, 33, 34] , reaching a level not far from the current sensitivity of the Belle experiment.
To extract the signal yields a multi-dimensional un-binned extended maximum likelihood fit is performed to the M bc and ∆E variables. M bc and ∆E are respectively the beam-energy-constrained mass, and the energy difference observable, defined as: 
